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TITLE OF THE INVENTION 
[0001] Appliance for Water- Jet Surgery 

5 DESCRIPTION 

CROSS-REFERENCE TO RELATED APPLICATIONS 
r00021 This application is a Section 371 of International Application No. PCT/EP2005/002917, 
filed March 18, 2005, which was published in the German language on October 27, 2005, under 
International Publication No. WO 2005/099595 Al and the disclosure of which is incorporated 
10 herein by reference. 

BACKGROUND OF THE INVENTION 
f00031 The invention relates to an appliance for water-jet surgery, in which a fluid is expelled 
from a nozzle under high pressure for the selective cutting of tissue. 

[00041 Customarily in the case of such an appliance a supply cylinder having an (initially 
1 5 closed) outlet at one end is filled with a working fluid, such as Ringer solution, and at its other end 
is closed by means of a piston. This supply cylinder is then inserted into a stably positioned chamber 
in an appliance housing. After closure of the housing an actuating rod driven by a hydraulic cylinder 
is placed in contact with the piston in the supply cylinder. Now the known appliance is ready for 
operation. During operation the pressure that must be applied to the fluid is generated by the 
20 hydraulic cylinder. 

[00051 So that during an operation a sufficient amount of working fluid is available with no need 
to exchange the supply cylinder, a procedure that would involve a not inconsiderable interruption of 
the operation, the supply cylinder must have a relatively large volume. The larger the cylinder bore 
is made, the larger must be the force exerted by the hydraulic system, and hence a correspondingly 

25 greater stability is required of the receptacle for the supply cylinder. On the other hand, if the 

volume of the supply cylinder is increased by lengthening it, and hence lengthening the stroke of the 
piston, the result is an increase in the overall height of the appliance. The present-day compromise 
has produced supply cylinders with a diameter of ca. 60 mm, with the result that the associated 
appliances are constructed as stands and have a height of ca. 1,200 to 1,500 mm. The necessary 

30 actuation devices, i.e. the hydraulic cylinder along with the associated hydraulic pump, are 
extremely elaborate and very awkward to use. 
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[00061 Furthermore, in the case of "small" operations for which only a slight amount of fluid is 
used, the excess working fluid must be discarded because of the sterility requirements for a working 
fluid, which increases the operating costs of the known appliance. 

BRIEF SUMMARY OF THE INVENTION 
5 [00071 It is the obi cctiv c object of the invention to diacloGc provide a simple appliance 
that enables economical operation while reducing the structural complexity. 
[00081 This objective io achieved in the caoc of A ccording to the present 
invention there is provided an appliance for water-jet surgery by providinq comprising a 
plurality of supply cylind e rs , — i n wh ic h cvlinder and piston arrangements each defining an 

1 0 outlet and adapted to store a working fluid ic stored and from wh i ch the fluid that 
can be expelled , by means of the piston, through un said outlet into; a pressure conduit-? — fey 
mean 3 of a piston in communication with said outlets and into which said working fluid is 
expelled . At least one actuation device is provided to actuate the pistons. In addition, a change-over 
device is provided by mcanc of whic h to shift the actuation io shifted from the piston of 

15 one supply cylinder to the piston of another supply cylinder, so that the working fluid can be 
expelled into the pressure conduit from the supply cylinders one after another, as they are 
consecutively emptied. 

[00091 Thuo an essential point The basis of the invention resides in the fact that the 
eae — f single-)- supply cylinder previously provided is here subdivided into a plurality of 

20 correspondingly smaller supply cylinders. This measure solves several problems simultaneously. 
First, because of their reduced diameter the smaller supply cylinders can can be made of a weaker 
material, which nevertheless can resist the prevailing (very) high pressures. Second, the 
ncc e o g ary r equired working pressure can be produced with less force, so that the necessary 
actuation devices can be more simply constructed. Third, the appliance can be made very much 

25 smaller^ 4e.g., can be set onto a table-)-, on account of the smaller stroke of the pistons. And fourth, 
during a "relatively small" operation fewer supply cylinders are used up than in a "larger" operation; 
in the present appliance, the supply cylinders that have not been used are available for a subsequent 
operation, as their sterility is still ensured. 

[00101 Preferably the change-over device is so constructed that there is some overlap between 
30 the consecutive periods during which pistons are actuated, so that the expulsion of fluid into the 
pressure conduit produced by their actuation is uninterrupted. Whereas on one hand, in the case of 
the conventional large- volume supply cylinders, such an uninterrupted supply of working fluid is 
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ensured by the large fluid volume, with the present invention this uninterrupted supply of fluid is 
very efficiently achieved. 

[00111 Preferably sealing devices are provided to make the fluid outlet on the supply cylinder 
water-tight, so that no manual coupling is needed for a firm connection; instead, a forceful 
5 automatic/mechanical coupling of the supply cylinder to the sealing device suffices. 

[00121 An overlapping actuation of the pistons is especially simple when a plurality of actuation 
devices is provided. Then there is no need to move the actuation devices from one piston to the next; 
when the number of actuation devices corresponds to the number of supply cylinders in the device, a 
simple (electronic) control means can implement the change-over. However, it is also possible to 
10 work with a smaller number of actuation devices (only one, in the minimal case) if the change-over 
device ensures that the actuation device is always guided to the next in a sequence of new supply 
cylinders. 

[00131 The pistons are preferably provided with back- flow barriers, such that after working fluid 
has been ejected by a piston, the piston cannot be pushed back into a previous position from the 
1 5 position it has reached, in particular from its final position after all the working fluid has been 
ejected. By this means it can be ensured that refilling is prevented and hence the possibility of 
working with unsterile medium can be reliably eliminated. 

[00141 At the outlet of the supply cylinder an irreversibly openable transport gasket is preferably 
provided. This measure likewise makes it possible for the use of unsterile medium to be prevented. 

20 Furthermore, such an irreversibly openable transport gasket can be very simply constructed and 

designed in such a way that it opens automatically when a supply cylinder is put into place or when 
it is first actuated. Because of the very high pressures employed here, it is possible also to construct 
the transport gasket so that it opens automatically when pressure is first applied. 
[00151 Preferably a change-over magazine is provided, which accommodates a group of supply 

25 cylinders. This makes handling of the apparatus particularly simple, both during the insertion of 
multiple supply cylinders into the appliance and when individual actuation devices are being 
changed over from one supply cylinder to another. The change-over magazine preferably comprises 
chambers that closely surround the supply cylinders. In this case the supply cylinders can be 
constructed with an especially thin wall, which expands somewhat as the pressure builds up and 

30 then becomes apposed to the walls of the change-over magazine. The receptacle can also be made 

with sufficient shape stability to withstand the pressure without becoming form-fitted to the housing. 
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[00161 In the change-over magazine collection devices are preferably provided, to guide the 
working fluid from several supply cylinders to the pressure conduit. This is especially advantageous 
when the working fluid is being conducted in an overlapping manner from various supply cylinders. 
[00171 Preferably ventilation devices are provided, in particular to remove air simultaneously 
5 from conduit sections between the outlets of the supply cylinders and the pressure conduit, so that 
there is no interruption or pulsation of the working fluid associated with the release of air remnants. 
Preferably the ventilation devices are disposed in the change-over magazine. 
[0018] In one embodiment of the invention the change-over magazine is fixedly connected to 
the pressure conduit and is intended to be used only once. In this case the change-over magazine can 
10 already be filled with supply cylinders by the manufacturer, so that although the advantage of saving 
working liquid (as well as the supply cylinders) is no longer obtained, all the other advantages cited 
above are nevertheless preserved. A special advantage in this case is the ease of manipulation, in 
particular with regard to sterility criteria. 

[00191 Preferred embodimen t g o f the invention wil l be apparent 
15 from the oubordinate claimo and the following exemplary 

embodiments , — which arc explained in greater detail with reference 
■ to d rawings , — wherein 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 
[00201 The foregoing summary, as well as the following detailed description of the invention, 

20 will be better understood when read in conjunction with the appended drawings. For the purpose of 
illustrating the invention, there are shown in the drawings embodiments which are presently 
preferred. It should be understood, however, that the invention is not limited to the precise 
arrangements and instrumentalities shown. 
[00211 In the drawings: 

25 [00221 Fig. 1 is a schematic sectional drawing of a first embodiment of the invention with 
inserted magazine, prior to actuation, 

[00231 Fig. 2 shows the arrangement according to Fig. 1 during the initial phase of 
actuation of one cylinder, 

[00241 Fig. 3 shows the previously illustrated arrangement during the expulsion of working 
30 fluid, 

[00251 Fig. 4 shows the previously illustrated arrangement when one supply cylinder is 
empty and another supply cylinder is being actuated, 
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[00261 Fig. 5 is a perspective drawing of part of the arrangement according to Figs. 1-4, 
[00271 Fig. 6 is a perspective drawing of part of another embodiment of the invention, 
[00281 Fig. 7 is an exploded drawing of part of the arrangement according to Fig. 6, and 
[00291 Fig. 8 is a schematic drawing of a control means for the arrangement according to 
5 Figs. 1-5. 

DETAILED DESCRIPTION OF THE INVENTION 
[00301 In the following description, the same reference numerals are used for identical parts or 
parts with identical actions. 

[00311 In the first embodiment of the invention, shown in Figs. 1 - 5, an appliance housing 1 is 
1 0 provided that comprises an opening 2 on its front side, into which a change-over magazine 40 can be 
inserted. 

[00321 The change-over magazine contains a plurality of supply cylinders 10-1 to 10-n; in the 
embodiment shown here, there are 8 such supply cylinders 1 0. It is evident in the drawings that in 
this case the supply cylinders 10 have been constructed directly within the change-over magazine or 
15 are formed by the magazine itself, and have not been inserted as separate cylinders. 

[00331 Each of the supply cylinders 10 comprises a piston 12 that closes the cylinder at one end. 
In the interior of the supply cylinders 10a working fluid, in particular Ringer solution, is enclosed in 
a leakproof manner. 

[00341 Each supply cylinder communicates with an outlet 13 having a collection channel 45, 
20 which in turn is connected to a pressure conduit 20. 

[00351 The pistons 12 comprise — as shown in the enlarged section of Fig. 4 — a back-flow 
barrier 14 that keeps the piston 12 in its final position, i.e. when all the fluid has been expelled, as is 
known per se for single-use syringes. 

[00361 After being inserted into the opening 2 of the housing 1, the change-over magazine 40 is 
25 locked to a holder 41, so that it is firmly retained within the appliance housing 1 . 

[00371 Within the housing 1 there are additionally provided actuation devices 30-1 to 30-n, 
which are shown here as hydraulic cylinders but can of course also be designed as electrically driven 
recirculating ball screws or the like. 

[00381 Each of the actuation devices 30 comprises a plunger 31, which is disposed in the 
30 housing 1 in such a way that when the change-over magazine 40 is in position, the actuating 
plungers 3 1 are situated opposite the pistons 1 2 that face them. 
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[00391 The insertion position, i.e. the position of the components immediately after the change- 
over magazine 40 has been inserted into the housing 1, is shown in Fig. 1 . In this position the 
collection channel 5 and the pressure conduit 20 are still empty. 

[00401 Now when the first actuation device 30-1 is actuated, so that its plunger 3 1 is driven 
5 forward, the plunger — as shown in Fig. 3 — presses the piston 1 2 into the supply cylinder 1 0, so 
that fluid 1 1 passes through an outlet 1 3 of the first supply cylinder 10-1 into the collection channel 
45 and through the latter into the pressure conduit 20, which conducts it to the working instrument 
(not shown). 

[00411 As soon as the first supply cylinder 10-1 is empty (see Fig. 4), another supply cylinder 
10 1 0-n is "triggered" to deliver its stored working fluid 1 1 by way of the plunger 3 1 of the associated 
actuation device 3 0-n. As this occurs, the piston 12 of the emptied supply cylinder 10-1 is retained 
in its final position by the back- flow barrier 14, so that any force exerted by fluid emerging from the 
supply cylinder 1 0-n and present in the collection channel 45 cannot cause this piston 1 2 to be 
pushed backward. 

15 [00421 The embodiment shown in Figs. 6 and 7 differs from that according to Figs. 1 - 5 in 

particular in that the change-over magazine 40 comprises chambers 42 into which individual supply 
cylinders 1 0 can be inserted as separate "structural components". In this arrangement the change- 
over magazine 40 can be rotated about its axis, allowing supply cylinders 10-1 to 10-n to be 
consecutively positioned so that their outlet 13 is connected to a sealing device 43, which mediates a 

20 leakproof connection between the associated supply cylinder 10 and the pressure conduit 20. These 
drawings show an opening needle 44, which is provided to open closure devices (not shown) on the 
outlets 13 of the supply cylinders 10; this needle opens the closure device of the relevant supply 
cylinder 10 whenever the sealing device 43 is pressed against the outlet 13 of the supply cylinder 10. 
Exchanging of the supply cylinders 10 by rotation of the change-over magazine 40 thus corresponds 

25 somewhat to the replacement of cartridges in (or at the entrance to) the barrel of a revolver. 

[00431 Figure 8 shows a — highly schematic — control means for the appliance according to 
Figs. 1-5. 

[00441 This control means comprises a computer 25 that is in controlling communication with 
the actuation devices 30-1 to 3 0-n. The plungers 31 of the actuation devices 30-1 to 3 0-n, which in 
30 the present case are constructed as electromotor drives (e.g., with recirculating ball screws), exert 
pressure on the pistons 12 of the supply cylinders 10. The force thus employed can in this 
embodiment be controlled by the current with which the electromotors Mi - M n are driven by the 
computer 25. 
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[00451 The outlets of the supply cylinders 10 are connected to the collection channel 45. 
Between the various supply cylinders 1 0 and the collection channel 45 are provided back-flow 
barriers 14, here constructed as back-flow valves, disposed in such a way that the pressure in the 
collection channel 45 can in no case have an effect on a piston 12 that at the moment is not being 
5 actuated with the corresponding force. 

[00461 Between the collection channel 45 and the pressure conduit 20 leading to a working 
instrument 5, a ventilation device 46 is provided. 

[00471 In addition path sensors 32 are provided, which send a signal to the computer 25 at least 
when the associated plunger 3 1 has reached its final position. 
1 0 [00481 With the arrangement shown in Fig. 8 it is now possible to drive the actuation devices 
30-1 to 30-n in such a way that the supply cylinders can be emptied one after another, and even in 
such a way that their emptying periods overlap, so that the operator is not disturbed by fluctuations 
in pressure of the working fluid. 

[0049] From the above it will be evident that a combination of the individual characteristics 
15 explained here is readily possible. For example, the magazine shown in Figs. 6 and 7 can also be 
replaced by one according to Fig. 5 (to be used only once). Control by the computer 25 shown here 
can of course be replaced by provision of a corresponding cam-disk mechanism. 
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L ist of reference numerals 



1 Appliance houaing 

3 Opening 

S Working instrument 

5 Supply cylinder 

ii Fluid 

i3 Piston 

i3 Outlet 

•i4 Back flow barrier 

10 2-0 Pr e ssure conduit 

2- 5 Computer 

3- 0 Actuation devic e 

3- 1 Plunger 

35 Path sensor 

15 4-0 Change over magazine 

4ri Holder 

4r2 Chamber 

43 Sea l ing device 

44 Opening needle 

20 4-5 C oll e ction c hanne 1 

4- 6 Vent i lat i on dc vi cc 

-5-0 Change over device 

[00501 It will be appreciated by those skilled in the art that changes could be made to the 
embodiments described above without departing from the broad inventive concept thereof. It is 
25 understood, therefore, that this invention is not limited to the particular embodiments disclosed, but 
it is intended to cover modifications within the spirit and scope of the present invention as defined 
by the appended claims. 
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CLAIMS 
We claim: 

1 . Appliance for water-jet surgery, comprising a plurality of supply cylinders (10) — in 
which io otorcd and pistons arrangements each defining an outlet and adapted to store a 

5 working fluid — (11) that can be expelled, by means of etthe piston (12), through an outlet 
(13) — into said outlet: a pressure conduit (2 0) , in communication with said outlets and into 
which said working fluid is expelled; at least one actuation device (30) to actuate the piston 
(12) , — and —pistons; and a change-over device — (50) to shift the actuation from the piston (12) 
of one supply cylinder (10 1) to the piston ( 12 ) of another supply cylinder (10 n) , — &ein 
10 order tha t in use, the working fluid (11) can be ejected into the pressure conduit ( 20) from 
consecutively cmp t i cd emptving supply cylinders — (10) . 

2. Appliance according to Claim 1 , characterized in that the wherein said 
change-over device (50) — is designed oo adapted such tha t the consecutive actuation p eriods 
of actuati on each of the pistons — — ean overlap one another-? — with the result in 

1 5 order that expulsion of the fluid (11) into fehesaid pressure condui t (20) is uninterrupted. 

3. Appliance according to one of the preceding claima, 
characterized b y claim 1, wherein a sealing device ( 4 3) — to ocal the is provided to 
provide a leak proof connection to each fluid outlet — (13) . 

4. Appliance according to one of the preceding claima, 

20 charac tori sod in that claim 1, wherein a plurality of actuation devices 4^-9 — 3^ — is 
provided. 

5. Appliance according to one of th e pre ceding claims , 
characterized in that the piatong — (4^2-) — comprise claim L wherein each of said 
pistons comprises a back-flow barricro — (14) b arrier such that after esaid piston — (12) has 

25 reached a position in which t^h eit has expelled said working fluid (11) — has been 

expelled, — the from its associated cylinder, said piston cannot be pushed back into a previous 
position. 
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6. Appliance according to qiig of the preceding claims , characterized 
in that at the outlet — (13) — a prcf crabl v claim 1, wherein an irreversibly openable 
transport gasket is provided at said outlet of each cylinder . 

7. Appliance according to one of the preceding claims , 

5 eh aractcrized b y cl aim h wherein a change-over magazine 44r& Hs provided to receive a 
group of supply cylinders — ^04 -cylinder and piston arrangements . 

8. Appliance according to Claim 7, characterized in that the wherein said 
change-over magazine (40) — c omp r i s c & d efines chambers ( 4 2) — that closely surround said the 
supply cylinders — ( 10) . 

10 9. Appliance according to one of the claimo 7 or 8 , — characterized 

in that claim 7, wherein collection devices are provided in the change-over magazine — ( 4 0 ) 
there are provided collection devices — ( 4 5 ) to conduct working fluid (11) 
from pcvcral said supply cylinders (10) — to ^kh esaid pressure conduit — (20) . 

10. Appliance according to one of the preceding claimo, 

1 5 char a cterized b y claim L wherein ventilation devices 44r64 -are provided for the 

preferably aimultancous removal of air from conduit sections located b etween the outlets 
(13) — of the supply cylinders (10) — and the pressure conduit — (20) . 

1 1 . Appliance according to Claim 1 0 5 characterized in that the wherein 
ventilation devices are disposed in a change-over magazine — (40) . 

20 12. Appliance according to one of the claima 7 to 11, 

characterized in that thc claim 7, wherein said change-over magazine — (40) is 
irreversibly connected to the pressure conduit (20) , — to form a single-use unit. 
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ABSTRACT OF THE DISCLOSURE 
An appliance for water-jet surgery is propoood, — which comprise a provided that 
includes a plurality of supply cylinder o in cylinder and piston arrangements in each of which is 
stored a working fluid that can be expelled, by means of athe piston, through an outlet into a 
pressure conduit. At least one actuation device is provided to actuate the piston of ttieeach supply 
cylinder. By means of a change-over device to change the actuation from the piston of one supply 
cylinder to the piston of another supply cylinder, it is ensured that the working fluid can be expelled 
into the pressure conduit from consecutively cmp t i c d empt ying supply cylinders. As a result, an 
apparatus with a small structure that is achieved by simple means is disclosed. 
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